Presents...

Office of Naval Research
800 N. Quincy Street
Arlington, VA
22217-5660
http:/fwww.onr.navy.mil

etween
1946 and
the

founding of the
R National Science
Foundation in 1950, the Office of Naval
Research (ONR) was the federal government’s
only agency whose principal mission was the
support of basic research. For a brief period
university researchers were able to draw upon
extensive government funding without strug-
gling with demands that their work

Science and Technology from
an Investment Point of View

The original permanent basic research
establishment, ONR, evolved over the last fifty-
three years into something more diversified and
in some respects more accountable to its
customers than its founders envisioned. The
greatest change occurred in fiscal year 1992,
when the Office of Naval Technology (ONT)
and the Office of Advanced Technology (OAT),
separate agencies that reported to the Chief of
Naval Research, were folded into ONR. With
the absorption of ONT and OAT, ONR was

“reinvented” and became respon-

be justified in terms of quick
benefit to the taxpayer. In those
immediate postwar years several
historical accidents came together
to produce a climate of public
opinion in which support for pure
science was relatively
uncontroversial. Americans
credited big science, pure science,
with having done much to win the
war. Indeed, even given the
traditional American fascination
with invention, progress, and

technology, the Second World War

“ONR’ assumption

of responsibility for

basic, applied, and
demonstration

research suggested

from vertical

integration.”

sible for applied research and
technology development. Since
then ONR has worked to integrate
the research it supports and to
produce an investment portfolio
that does justice to its several
constituencies: Congress, the Fleet,
the Force, industry, and universi-

anew that efficiencies ties.

might be realized

The move to integration.

As their names imply, the
Office of Naval Technology and
the Office of Advanced Technol-

forced technical and scientific

advance into popular thinking about defense to
an unprecedented extent. People remembered
Pear] Harbor and never wanted to be surprised
like that again, and saw technology as a guaran-
tor of security. Basic science shared the aura of
victory. There was sufficient grant and contract
money available as a legacy of wartime research,
and academic scientists had grown accustomed
to doing government work. Such ready and
unproblematic support was as short-lived as it
was unprecedented. It is unlikely to return
soon.

ogy had been responsible for
research that had a clear and relatively short-
term payoff: hull coatings, radar masts, missile
control surfaces, and the like. Development of
such items falls into the Department of Defense
budget activities known as 6.2 and 6.3 funding:
applied research and advanced technology
development respectively. The Office of Naval
Research, by contrast, had been largely involved
with 6.1 funding—basic research. Roughly
speaking, in the Department of Defense
lexicon, basic research seeks to advance under-
standing of fundamental aspects of processes



Bridges the gap between short term
needs and long term commitments

Moves DoN S&T Program closer to the

Retains the historic connection to high
quality world-class foundation research

and properties. Applied research seeks ways of
altering, manipulating, or using those processes
and properties in such ways as may meet a
specific, recognized need. Advanced technology
development, finally, involves taking the results
of applied research and actually fabricating
things that perform some useful function, that
provide some

desirable capabil-

The Naval S&T Program: ity. Higher

numbered
budget activi-
ties—6.4 and
up—no longer
belong to the

administrative
customer (warfighter) and budgetary
’ ! worlds of science
Vertically integrates S&T (6.1,6.2,&6.3) and technology
proper, but

rather to acquisi-
tion, operations,
maintenance,
and so on. They
lie outside the scope of this discussion, but it
should be borne in mind that results from 6.1,
6.2, and 6.3 must ultimately transition projects
to those other categories if the program is to
succeed.

The picture the budget activities suggest
when one lays them out like this is an emi-
nently rational one. Each level hands on the
product to the next for refinement in a smooth,
linear, efficient progression—a kind of assembly
line that mills concepts into hardware. In fact,
however, the research enterprise is so notori-
ously difficult to integrate in such a straightfor-
ward manner that counsel against naive opti-
mism is common. Nobel laureate Joshua
Lederberg is quoted among research managers
as advising that “the best way to achieve
scientific progress is to resist the temptation to
control it.”  Paul Nitze as Secretary of the
Navy in the mid-1960s encountered the
perennial challenge of showing that research
pays by demonstrating that basic work actually
generated some particular weapon, tool, or
system. He talked about this when he ad-
dressed ONR’s twentieth anniversary celebra-
tion in 1966:

“I would note that the exercise of actually
attempting to trace such parentage is often
more academic than fruitful, for the trace

quickly becomes dim and no rational sequence
seems to prevail. This is inevitably the nature
of creative ideas, basic answers and basic data
for which—once we have them—applications
are seen. Yet data by themselves are sterile; it is
the ephemeral idea that makes them useful.”

Nitze’s words were by no means a counsel
of despair, and were not taken as such. ONR’s
assumption of responsibility for basic research,
applied research, and advanced technology
development suggested anew that efficiencies
might be realized from vertical integration. If
work supported from all three budget activi-
ties—6.1, 6.2, and 6.3—could become mutu-
ally supporting, all of the customers would win.

Appropriate agents of such integration are
the staff scientists who serve as its project
managers. They have the appropriate technical
expertise and scientific credibility to administer
awards and recognize quality—in the market-
place of science and technology, they are the
Navy’s ultimate smart buyers.

As the first step toward “reinventing” itself,
ONR integrated appropriate 6.1, 6.2, and 6.3
programs to enhance connectivity within the
Department of the Navy’s science and technol-
ogy programs.

Future Naval mission capabilities were
identified by senior Naval management. These
capabilities were analyzed, and divided into
prioritized enabling capabilities by the Naval
requirements community. Those enabling
capabilities were then analyzed by the science
and technology community into four areas:

Capability gaps.

Capability specifications.

Key technologies.

Current National and international
programs.

An assessment of the science and technol-
ogy efforts needed to fill the capability gap.

These assessments were employed to build
the necessary changes to the Department of the
Navy science and technology program.

In order to ensure that the Department of
the Navy science and technology program
meets its future capabilities needs, a six-step
decision-making process has been developed
and a “four-star” Department of the Navy
Science and Technology Corporate Board
established to provide Department of the Navy
corporate management. This Board consists of
the Vice Chief of Naval Operations, the




Assistant Commandant of the Marine Corps,
and the Assistant Secretary of the Navy for
Research, Development and Acquisition.

Preserving effectiveness—showing results

and making a difference.

Federal support for science and technology
is no longer as flush as it was in the late 1940s.
Budgets have declined in relative terms, particu-

larly since the Vietnam War brought with it
both high operating costs and public disaffec-
tion with military-supported research. Even
during the small renaissance the defense
establishment enjoyed in the
waning days of the Cold War,

expenditures. Neither of these moves makes
sense from an investment point of view.

Instead, a sensible investment strategy

would be to aim first and most obviously at
stabilizing funding. Stable funding, less
obviously but most importantly, is essential to
establishing a strong, solid 6.1 and 6.2 tech
base. On this base, and only on this base, can
one then build an appropriately focused science
and technology program that preserves a
balance between longer and shorter-term
objectives.

Two important elements of the Department
of the Navy’s science and
technology program that rest

defense investment in research
and development had begun to
be eclipsed by industry’s.
Budgets have remained tight
during the retrenchments of the
past decade.

Rear Admiral Paul Gaffney,
the current Chief of Naval
Research, points out that in
1999 the Department of the
Navy’s science and technology
budget was $1.3 billion. “Back
in 1964 when I was in my first
year at the Academy and getting

Vision:

10 inspire and guide

innovation that will

provide technology-
based options for
future Navy and

Marine Corps capa-

bilities

immediately on that tech base
are the national Naval responsi-
bilities and the Science and
Technology Grand Challenges.
National Naval responsibilities
are research areas like ocean
acoustics that are essential to
the Department of the Navy
and that no other mission
agency or private enterprise can
be expected to support the area.
The Science and Technology
Grand Challenges, which help
ensure that the Navy and

interested in a career in science
and technology, that budget
was, in 1999 dollars, $2.3 billion,” he recalls.
During those three decades the Navy and
Marine Corps have not seen corresponding
reductions in their mission requirements. If
anything, expectations are higher today than
they were in the late 1960s.

From an investment point of view.

When resources decline, and if a
number of different constituencies are
still clamoring for a piece of the smaller
research pot, there is a natural tendency
to try to give every program’s advocates a
relatively equivalent but absolutely
smaller portion of the available resources.
Furthermore, because science and
technology tend not to have an immedi-
ately visible payoff (it becomes very
visible once it appears in operational
systems, but those systems take time to
emerge) their budget is always a tempt-
ing target for those secking to trim

Marine Corps are unlikely to be
caught short fifty years hence,

are a set of very difficult but probably achiev-
able scientific and technical challenges the
ONR proposes to the research community.
They are intended to be visionary, designed to
meet what will in all likelihood prove to be
compelling needs of the Navy and Marine

Naval S&T Decision-Making Process
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Future Naval capabilities identified.
S&T needs identified.

Program development.

Program approval.

Program execution.

Program review.



Corps After Next, and to afford many partici-
pants from a broad range of discipline multiple
opportunities for exciting, creative, risky
research.

The national Naval responsibilities and the
Grand Challenges have an irreducible require-
ment for the highest
quality basic and
applied research, and
the Department of
the Navy is deter-
mined to sustain the
tech base that can
provide it. This tech
base is also the locus
of what might be
called “vision”—the
ability of a program
officer to recognize a
promising line of
research even before
it has been sum-
moned by a formally
declared requirement.
Such vision is more
than serendipity. For
example, ONR’s Dr.
Mike Shlesinger saw
the potential impor-
tance of chaos theory many years ago and had
the vision to invest in this new—and then
high-risk—area. The Navy is currently well on
its way to using the work he pushed in his
capacity as a program officer to solving the
problem of resupplying ships in heavy weather.

About half of the Department of the Navy’s
science and technology budget supports these
longer-term efforts.

Delivering Capabilities.

The tech base and the Grand Challenges
are only half the balance. The other half of the
balanced portfolio weighs in to produce capa-
bilities for the warfighters who are the principal
shareholders in the Department of the Navy’s
corporate science and technology effort.

An effective science and technology invest-
ment strategy must also provide prioritized
Naval and Marine capabilities. It should give
the Department of the Navy options it can elect
to exercise in response to its evolving missions,
developed with the process described in the last
section. This is where the investment focus

sharpens, because research succeeds only when
its resources reach a critical mass. To achieve
that critical mass, one needs to identify a few
crucial areas that can be pushed above critical
mass.

“When you try to fund everything,” says
Dr. Fred Saalfeld, ONR’s Executive Director-
Technical Director, “nothing gets over the bar
except maybe by Brownian motion.”  So rather
than support every program with funding that
falls short of the level at which research has a
chance of being productive, the Department of
the Navy has decided to concentrate its higher
category budget appropriations into future
Naval capabilities, and to have the Department
of the Navy Science and Technology Program
respond to these capabilities with a series of
“spike investments.” A “spike investment” is
formally a science and technology program
developed in response to prioritized, desired
future Navy and Marine Corps capabilities.

Each Naval capability is managed by an
integrated product team (IPT) that functions
like a corporate board. The integrated science
and technology program—the “spike”™—is
developed by the science and technology
representative to the IPT who function like a
company CEO producing the “spike.” The
IPT will have the following members:

- Chair. The Chair comes from the
Requirements Community (representing the
Chief of Naval Operations, the Marine Corps
Combat Development Command, the Fleet,
and the Force). The Chair leads the IPT in
defining and prioritizing capability goals, and
in approving the investment plan presented by
the Execution Manager for the Technical
Working Groups.

- Transition Leader. This member comes
from the Acquisition Community (representing
the Systems Command, the Program Executive
Office, or the Implementing Community).
The Transition Leader is responsible for coordi-
nating the transition path and acquisition
decision points for technologies under develop-
ment.

- Execution Manager/Technical Working
Group Leader. This member is the Science and
Technology Community representative. The
Execution Manager/Technical Working Group
Leader heads the IPT’s Technical Working
Groups. These working groups will arise after
the capability priorities are set by the IPT and




will then craft the investment plan for manage-
ment and execution of the program. Require-
ments and Acquisitions representatives will be
afforded membership in all Technology Work-
ing Groups. The investment plan will be
approved by IPT consensus. In this role the
Execution Manager will report to the IPT

(acting in its capacity as the board of directors).

The programmatic response (a Spike) will have
the following generic qualities:

1. It provides significant technology
options and operating concepts to meet the
Department of the Navy capability.

2. It has a significant budget,

The first spikes.

The first spikes reflected this approach.
Initially there were three: Organic Mine
Countermeasures, Destroyer Technology, and
Extending the Littoral Battlespace. As the
Department of the Navy continues to fill out its
science and technology investment portfolio, it
has generated a list of future capabilities that
will either subsume or add to the existing
capabilities:

- Organic Mine Countermeasures.

- Information Distribution (which now
includes the Extending the Littoral Battlespace
Advanced Concept Technology
Demonstration).

definite milestones and objectives,
concrete deliverables, and a finite
end state.

3. It culminates in well-
defined demonstrations (or Fleet
Battle Experiments or Amphibious
Warfare Experiments) of the
technology options.

- Executive Secretary. The
Executive Secretary will serve as
point of contact of the IPT,
promulgate the agenda and record

“ONR will continue
to ensure that the
portfolio includes the
best available mix of
investment partners
and research

performers.”

- Time Ciritical Strike.

- Decision Support System.

- Autonomous Operations.

- Littoral Antisubmarine
Warfare.

- Total Ownership Cost
Reduction.

- Missile Defense.

- Platform Protection.

- Expeditionary Logistics.

- Warfighter Protection.

results of IPT decisions. The

Executive Secretary will be responsible for
recording progress of the IPT on a monthly
basis through Spike approval by the Depart-
ment of the Navy Science and Technology
Corporate Board, and quarterly thereafter.

Picking capabilities, managing spikes.
As noted in the last section, the Depart-
ment of the Navy does not select
capabilities in a vacuum. Inte-
grated Product Teams nominate
capabilities to the Department’s
Science and Technology Corporate
Board. Because the requirements
community, the acquisition
community, and the science and
technology community all contrib-
ute members to these teams, this
IPT helps ensure that the right
capabilities are considered. The
approval of spikes in response to
these capabilities at the highest
levels helps ensure that they receive
the support they need if the
investment strategy is to succeed.

- Capable Manpower.

These are candidate future capabilities, and
will provide the leadership of the Navy and
Marine Corps with an appropriate set of
technological options as they look to ensuring
that the operating forces maintain their win-
ning edge in the first decades of the next

century.




The Office of Naval Research pursues an
integrated science and technology program
from basic research through manufactur-
ing technologies. Research areas include

Conclusion.

The Department of the Navy’s new acquisi-
tion strategy depends upon the DoN being a
smart buyer—or
better yet, a
smart investor—
and it can only
be smart as long
as it hangs onto
vital scientific
and engineering
expertise in
places like ONR
and NRL. This
insight is not a
new one. Secre-
tary Nitze
expressed it more
than thirty years
ago in his
anniversary talk:
“We must,
therefore, remain
in a position to
influence and
stimulate
thinking in the
scientific com-
munity along lines of
ultimate Navy rel-
evance. We must have
our own contacts with
that community, as

oceanography; advanced materials;

sensors; electronics; surveillance; mine
countermeasures; weapons; and surface
ship, submarine and aircraft technologies.
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must—needless to say—other branches or the
government.”

The Department of Defense is charged by
the President with helping him discharge his
Constitutional responsibility for the common
defense. Part of that responsibility remains
knowing what is needed to defend the Nation,
and that knowledge has to drive investment in
science and technology. Controlling the process
that determines what those investments will be
seems inherently part of that responsibility. It is
difficult to imagine circumstances under which
government might abdicate these responsibili-
ties to industry. That is not because industry is
unpatriotic, grasping, or untrustworthy—it is
none of these things. It is rather because the
executive branch is responsible for national
defense, and that cannot be outsourced.
Moreover, the government is supposed to speak
for America. Industry inevitably and rightly
has a narrower perspective, yet one that should
fit consistently into the larger context of
national interest. So ultimately the Department
of the Navy cannot delegate its research portfo-
lio. As the manager of the Department of the
Navy Science and Technology Program, the
Office of Naval Research will continue to
ensure that the portfolio includes the best
available mix of investment partners and
research performers. And since our ultimate
shareholders are sailors and Marines, the return
on investment we look for in Naval science and
technology is not profits, but capabilities.




